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REPORT. 


jTo  Ais  Honor  the  Mayor ^  Aldermen  and  Common  Council  of  the 
City  of  Hartford. 

The  joint  special  Water  Committee  appointed  to  report  on  the 
improvement  of  the  Water  supply,  March  17th,  1863,  by  your 
Honorable  Body, — Respectfully  Report: 

That  the  importance  of  the  subject  under  consideration  feeing 
justified  in  our  opinion  the  procurement  of  Engineering  aid, 
and  .the  time  being  limited,  the  committee  proceeded  at  once  to 
engage  the  services  of  Samuel  McElroy,  Civil  Engineer,  a  gen¬ 
tleman  for  many  years  engaged  in  hydraulic  works,  professionally 
connected  with  prominent  water-works  of  the  United  States,  and 
more  recently  the  Brooklyn  Water-works,  for  which  he  prepared 
the  specifications  and  plans  as  Chief  Engineer  when  the  contract 
was  let ;  and  also  familiar  by  practice  with  the  design,  construc¬ 
tion,  and  operation  of  pumping  machinery. 

Your  committee  herewith  present  his  report  as  the  opinion  of 
ibd  engineer  abundantly  qualified  to  judge  of  the  questions  at 
issue,  and  as  a  valuable  discussion  of  the  state  of  our  supply  and 
the  means  for  its  improvement. 

It  will  be  observed  from  the  comparison  made  in  this  report 
between  the  substitute  supply  by  gravitation  from  Trout  Brook 
and  the^^ei^loyment  of  our  present  pumping  supply,  the  convic¬ 
tion  i^^that  while  the  former  will  give  us  a  stream  with  a  sum¬ 
mer  flow,  according  to  the  gauges,  of  but  half  a  million  of  gallons 
per  day,  which  is  the  only  safe  standard  of  its  value,  the  flow  of 
the  Connecticut  is  inexhaustible  ;  that  at  the  rate  of  increase  of 
Hartford  from  1850  to  1860,  in  1870  we  shall  have  a  sufficient 
population  to  require  a  daily  supply  of  4,000,000  for  which 
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Trout  Brook  is  unreliable ;  that  the  probable  character  of  the 
water  stored  in  its  reservoir  of  large  surface  and  comparatively 
shallow  depth  will  not  be  satisfactory  or  healthy  for  use;  that 
with  a  new  distributing  reservoir  on  Zion’s  Hill  of  12,000,000 
gallons  and  with  a  certain  capacity  from  the  river  of  8,000,000 
gallons  per  day,  and  with  contingencies  of  cost  in  the  other  plan 
for  land  and  water  damages,  which  can  not  be  accurately  fixed, 
and  of  damage  from  storm  and  freshets,  from  which  the  river 
supply  is  free,  the  difference  between  both  in  representative 
capital  ”  is  but  $15,485  while  the  balance  of  cash  outlay  is 
$57,225  in  favor  of  the  river  supply. 

The  chain  of  argument  by  which  these  conclusions  are  reached 
is  presented  with  much  clearness,  and  form  a  strong  argument 
on  the  propriety  of  retaining  the  method  of  supplying  from  which 
we  have  as  a  city  realized  such  important  benefits,  and  which 
promises  to  be  the  source  of  a  liberal  income  if  judiciously  ex¬ 
tended. 

In  the  estimate  of  March,  1862,  which  was  on  a  much  smaller 
scale  of  supply  for  the  Trout  Brook  plan  which  Mr.  McElroy 
suggests,  it  will  be  observed  that  while  it  offers  but  two-thirds 
the  quanity  of  which  the  present  engine  is  capable  with  an 
expenditure  of  less  than  $8,000,  it  charges  the  river  supply  with 
the  useless  cost  of  elevating  all  its  water  175  feet  to  take  care  of 
a  district  as  yet  scarcely  improved,  while  the  actual  capital  rep¬ 
resenting  this  supply  at  a  reasonable  elevation  would  differ  but 
slightly  from  the  actual  cash  outlay  at  that  time  estimated  for 
Trout  Brook;  and  would  fall  far  below  the  revised  estimate 
herein  presented.  The  impression  conveyed  that  there  is  any 
economy  in  Trout  Brook  on  a  scale  of  2,000,000  gallons  supply 
is  entirely  incorrect;  and  the  credit  given  to  it  for  4,000,000  gal¬ 
lons  capacity  by  Mr.  McElroy’s  assumption  for  comparison,  still 
proves  its  want  of  economy  or  propriety. 

There  is  one  point  embodied  in  the  general  plan  of  improve¬ 
ment  suggested  for  the  river  supply,  which  we  deem  of  great 
consequence,  and  this  is  the  facility  it  presents  for  gradual  intro¬ 
duction  with  the  construction  of  the  second  engine,  which  pro¬ 
vides  for  any  contingency  to  the  engine  forever,  and  the  facility 
with  which  either  engine  may  be  used  to  pump  directly  into  the 
distribution  service ;  the  present  force  main  may  be  retained  for 
a  while  and  the  reservoir  prepared  for  its  share  of  the  general 


plan:  in  the  meantime  the  line  of  16  in.  main  across  Ford  Street 
Bridge  may  be  commenced. 

When  the  reservoir  is  ready,  the  new  line  of  force  main  may 
be  laid,  the  16  in.  line  completed  and  the  Zion’s  Hill  reservoir 
commenced  ;  in  this  way  a  gradual  system  of  improvement  may 
be  carried  out,  adapted  to  the  contemplated  and  final  result, 
without  incurring  immediately  the  entire  cost,  but  nothing  can 
be  done  with  the  Trout  Brook  plan  short  of  the  entire  outlay 
before  the  introduction  of  its  supply. 

The  improvement  of  the  distribution,  the  enlargement  of  the 
engine  power,  and  the  construction  of  the  new  reservoir  herein 
advised,  will  prove  measures  of  great  necessity  and  advantage, 
and  we  would  urge  on  your  honorable  body  immediate  action  to 
develope  these  details  in  full  and  to  bring  them  into  the  course 
of  execution,  if  the  investigation  this  view  of  the  subject  de¬ 
mands  shall  confirm  the  merits  of  the  general  plan. 

Your  committee  also  offer  the  following  vote: 

Voted^  That  this  report  be  printed,  with  accompaying  docu¬ 
ments,  and  be  taken  up  on  Tuesday,  April  7th,  1863,  in  connec¬ 
tion  with  the  report  of  the  Joint  Standing  Committee  on  Water¬ 
works,  for  examination  and  action. 

Eespectfully  submitted, 

S.  WOODRUFF,  ) 

S.  A.  ENSIGN,  \  Committee, 

GEORGE  S.  EVARTS,  ) 


ENGINEER’S  REPORT. 


1.0  Samuel  Woodruffs  S.  A.  Ensign^  and  George  Evarts^  Es¬ 
quires^  Joint  Special  Committee  on  Ijnprovement  of  Water  Sup¬ 
ply^  of  the  Common  Council  of  the  city  of  Hartford. 

Gentlemen  :  In  compliance  with  yonr  request,  I  herewith  sub¬ 
mit  a  report,  suggesting  such  modifications  of  your  present  water 
supply  as  have  occurred  to  me  from  former  experimental  knowl¬ 
edge  of  your  work,  the  reports  heretofore  made,  and  such  exam¬ 
ination  of  the  subject  as  I  have  been  able  to  make  in  a  limited 
time.  This  report  presents  the 
Present  Supply, 

Increase  of  Supply, 

Improvement  of  Distribution, 

Increased  Storage, 

Trout  Brook  Plan, 

Plan  Proposed,  and  a 
Comparison  of  Plans. 

In  its  preparation  I  have  been  much  indebted  to  the  courtesy  of 
Hiram  Bissell,  Esq.,  and  other  gentlemen  of  your  efficient  Board 
of  Water  Commissioners,  for  notes  of  levels,  cross  sections,  and 
statistics  of  essential  service.  Very  respectfully,  &c., 

SAMUEL  McELROY,  Civil  Engineer. 
Hartford,  March  80th,  1863. 

Present  Supply. 

The  state  of  the  water-works  may  be  thus  briefly  sketched  : 
Source  of  Supply. — The  city  of  Hartford  is  supplied  by  steam 
power  from  the  Connecticut  River,  the  engine  house  being  located 
at  a  point  on  the  shore  line  in  the  immediate  vicinity  of  the  busi¬ 
ness  portion,  and  at  the  foot  of  the  slope  of  one  of  the  distinct 
and  prominent  elevations  within  the  city  limits. 

The  Engine  House  is  a  substantial,  ornamental,  and  costly 
structure,  connected  with  the  river  by  a  protected  supply-pipe  and 
well,  and  elevated  above  the  reach  of  nearly  all  extraordinary 
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freshets.  All  its  appointments  are  well  devised,  and  it  is  suffi-  ^ 
ciently  large  to  admit  considerable  increase  of  engine  and  boiler 
power. 

The  Engine  occupies  a  large  boiler,  engine,  and  pump  room, 
with  its  several  parts.  Its  cylinder  has  five  feet  stroke,  and  32f 
inches  bore.  It  has  four  pumps  of  32^  inches  joint  stroke,  by  18f 
and  19y\  inches  bore;  and  one  boiler  22  feet  long  by  7|  feet  di¬ 
ameter.  At  its  ordinary  working  speed,  when  tested  for  ^^duty” 
by  the  engineers  of  the  Brooklyn  Water-works,  in  1866,  its  deliv¬ 
ery  into  the  reservoir  was  1,771,396  United  States  gallons  per 
twenty-four  hours.  It  is  connected  with  a  force  main  sixteen  inches 
in  diameter,  6,879  feet  long,  entering  the  bottom  of  the  reservoir. 
The  boiler  and  cylinder  are  not  worked  up  to  their  full  power ; 
the  pumps  are  too  low,  too  much  divided,  and  may  be  largely  in¬ 
creased  in  delivery;  the  force  main  is  badly  located,  and  too  small 
in  diameter,  its  friction,  under  test,  being  12.59  feet  above  an  ac¬ 
tual  lift  of  109.35  for  the  delivery  above  named. 

The  average  running  time  for  1862  was  17.07  hours  per  day, 
the  delivery  being  1,346,971  gallons.  The  pumps  need  some  re¬ 
pairs,  which  interfere  with  the  constant  duty  required,  and  with 
but  one  engine  and  a  small  reservoir,  the  city  may  at  any  hour  be 
exposed  to  great  inconvenience  and  damage  by  accident. 

The  Reservoir  is  a  structure  of  earthwork  on  Lord’s  Hill,  with 
a  small  and  irregular  figure,  1.31  acres  in  water  surface,  a  depth 
of  about  thirty  feet,  containing  7,830,572  gallons.  Its  water  slope 
is  faced  with  a  dry  stone  wall,  on  angles  varying  from  ‘^one  and 
a  half”  to  two  to  one.”  Its  flow  line  is  125  feet  above  low  water 
mark,  being  sixty-six  feet  above  Main  Street  at  the  State  House, 
forty  feet  above  the  summit  of  the  college  grounds,  forty-three 
above  Washington  Street  at  Buckingham,  and  thus  covering  the 
densely  populated  portion  of  the  city.  It  is  about  thirty  feet  above 
the  plateau  between  Washington  Street  and  the  foot  of  Zion’s  Hill, 
and  thirty-two  feet  below  the  summit  of  Vernon  Street  on  this 
eminence.  Its  distance  from  the  line  of  supply  south  of  Little 
River;  its  limited  storage  for  a  rapidly  increasing  demand,  and 
its  need  of  a  division  wall  for  purposes  of  examination,  cleaning, 
and  repair,  render  a  modification  of  reservoir  arrangements,  as  to 
location,  elevation,  and  storage,  advisable  at  once. 

The  Distribution^  up  to  January  1st,  1862,  was  thus  arranged: 
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Diameter  (inches,) 
Length  (feet,) 


Force  main. 

3  4  6  8  10  12  16  Total. 

2,369  32,470  80,958  16,777  4,451  9,526  6,879  153,570 


Stop-cocks,  . 
Hydrants, 


45  106 


12  12 


or  29.08  miles. 
5  180 

149 


The  effluent  line  from  the  reservoir  is  by  a  12  and  8  inch  pipe. 
Three  lines  of  pipe,  12,  8,  and  6  inch  cross  Little  River.  The 
length  of  pipes  above  8  inch  is  limited,  and  the  usual  system  of 
adequate  feeders  has  been  neglected.  There  is  a  consequent  loss 
of  head,  averaging  24  feet,  in  the  denser  districts,  which  will 
rapidly  increase,  and  a  loss  of  supply  in  more  elevated  sections. 
The  use  of  unprotected  cast  iron  pipe,  has  also  produced  its  com¬ 
mon  result  in  increased  friction  of  flow,  through  reduced  calibre 
by  tubercular  accretion. 

The  Cost  is  thus  stated  to  January  1,  1862. 

Engine  House  and  Engine,  -  -  f 72,999. 65 


71,809.25 

239,721.23 

13,754.20 


Reservoir, 

Distribution,  (with  Service,) 
Contingencies, 


Total,  -  -  -  -  1398,284.33 

Issue  of  6  per  cent.  Water  Bonds,  -  $375,000.00 

The  Consumption  of  Water,  as  reported  for  the  year  1862,  by 
some  26,000  inhabitants  supplied,  averaged  51  gallons  each  per 
day. 

It  is  quite  evident,  from  this  state  of  the  supply,  that  immedi¬ 
ate  action  is  required  to  provide  against  impending  contingen¬ 
cies,  and  to  meet  the  coming  demands  of  an  inci’easing  popula¬ 
tion  ;  and  the  prospective  supply  is  to  be  determined  by  what  is 
now  necessary,  and  certain  to  occur  in  the  future. 


Increase  op  Supply. 


This  will  depend,  as  to  its  measure  of  extent,  on  the  increase 
of  population,  of  density  in  buildings,  of  water  use  by  consum¬ 
ers,  and  of  water  introduction  to  buildings  now  erected. 

The  census  of  Hartford  City  was,  in  1850, 13,555  ;  1855,  24,- 
024 ;  1860,  29,207 ;  and  if  we  assume,  as  should  be  assumed 
for  safe  calculation,  that  the  per  centage  of  increase  from  1860 
to  1870  will  equal  that  from  1850  to  1860,  or  115  per  cent.,  the 
population  will  then  be  62,795 ;  at  the  same  ratio, in  1880,  it  will  be 
125,580.  If  we  suppose  the  ratio  diminished  beyond  1870  to 
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but  60  per  cent.,  the  number  will  be  94,192  in  1880.  While 
results  like  these  seem  formidable,  the  experience  of  cities  where 
manufactures,  superior  business  facilities,  and  pleasant  residence 
attract  population,  abundantly  confirms  the  theory  of  systematic 
increment.  Brooklyn  from  1830  to  1860,  has  increased  by  ten 
year  epochs,  116.7,  150.3,  and  87  per  cent,  respectively  ;  New 
York,  for  1850  and  1860,  increased  64.8  and  56.27  per  cent.; 
Philadelphia  increasing  54.27  and  65.43  per  cent,  in  the  same 
periods. 

It  is  proper  also  to  assume  that  as  the  city  grows  older  it  will 
follow  the  course  of  other  and  larger  cities  as  to  increased  ratio 
of  water  use.  The  average  of  1862  is  not  absolute  for  1870  and 
1880.  While  a  city  like  Philadelphia  is  using  about  60  gallons 
per  inhabitant,  Boston  is  using  about  90.  If  then,  Hartford  now 
uses  51,  the  ratio  for  the  future  must  be  taken  at  a  higher  rate. 

With  the  population  estimated  for  1870  in  Hartford,  the  aver¬ 
age  use  of  64  gallons  would  require  a  daily  supply  of  about 
4,000,000  ;  and  whether  the  number  then  reaches  62,800  or  not, 
but  a  short  time  can  elapse  until  it  does,  and  in  the  experience 
of  a  water-works,  ten  and  twenty  years  are  brief  subjects  of  note- 
The  consumption  of  water,  for  the  year  1862,  increased  248,121 
gallons  on  the  use  for  1861,  and  the  ratio  of  increase  is  com¬ 
pound  rather  than  simple,  the  increase  from  1860  to  1861  being 
201,815  gallons ;  but  at  a  simple  rate  of  increase  in  11  years, 
or  1873,  the  consumption  will  be  4,076,302  gallons.  It  woiild 
not  be  at  all  prudent  then,  to  make  any  estimate  on  any  daily 
supply  less  than  4,000,000  gallons,  and  while  this  is  made,  due 
regard  should  be  had  to  inevitable  extensions.  Jersey  City,  with 
the  same  population  as  Hartford,  is  using  2,000,000  gallons  dai¬ 
ly,  and  is  laying  a  new  line  of  36  inch  main  alongside  the  20  inch 
now  in  use. 

Improvement  of  Distribution. 

It  will  be  observed  by  reference  to  the  distribution  schedule 
that  the  largest  feed  main  is  but  12  inches  in  diameter,  the  efflu¬ 
ent  lines  from  the  reservoir  being  a  12  and  an  8  inch  pipe ;  and 
that  the  proportion  of  12  and  10  inch  pipes,  is  very  small  as 
compared  with  the  6  and  4  inch.  Three  lines  are  laid  across 
Little  River,  being  a  6  inch  to  Rifle  street,  an  8  inch  at  Ford 
street,  and  a  12  inch  at  Main  street. 
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In  consequence  of  the  limited  calibre  of  these  feed  mains ; 
the  tortuous  lines,  abrupt  bends,  and  undulating  grades  by 
which  the  outer  districts  of  the  supply  are  reached  ;  the  effect 
of  increasing  draught,  and  other  causes,  it  follows  that  there  is 
a  loss  of  head  now  encountered  in  all  directions  of  use,  and 
more  particularly  in  the  more  elevated,  distant,  and  sparsely 
settled  localities. 

Reference  to  the  experience  of  other  cities  shows  that  much 
inconvenience  is  suffered  from  similar  neglect  of  an  adequate 
system  of  large  feeding  mains,  and  reference  to  cases  of  correct 
practice  shows  the  common  use  of  16,  20,  24,  and  30  inch  mains, 
for  this  purpose,  in  order  to  save  in  effective  head  at  the  several 
districts  of  supply  in  which  the  smaller  pipes  are  grouped.  Phil¬ 
adelphia  is  a  notable  instance  of  care  and  forethought  in  this 
respect. 

Evidently  then,  adequate  provision  is  at  once  required  for  an 
evil  annually  growing  more  serious,  and  must  be  made  in  connec¬ 
tion  with  any  increase  of  supply  which  may  be  adopted.  A  feed¬ 
ing  system  on  both  sides  of  Little  River,  by  more  direct,  inde¬ 
pendent,  and  larger  mains,  is  a  matter  of  necessity,  and  should 
be  arranged  with  a  view  to  future  extensions. 

Increased  Storage. 

The  present  reservoir  storage  is  equal  to  about  six  days  con¬ 
sumption.  With  a  rapid  increase  in  demand  this  ratio  will  an¬ 
nually  decrease ;  and  the  advantages  resulting  from  a  more 
complete  safeguard  against  accident,  and  a  corrective  for  occa¬ 
sional  state  of  river  supply,  render  an  improvement  in  this  respect 
desirable.  This  may  be  had  in  part,  by  an  increase  in  height  of 
the  Lord’s  Hill  reservoir,  which  would  readily  admit  some  ten 
feet  or  more,  of  new  masonry  protected  side  walls ;  but  it  is 
believed  that  the  construction  of  the  new  reservoir  herein  sug¬ 
gested  will  much  more  effectually  meet  this  requirement. 

The  several  suggestions  in  detail,  which  I  have  to  present  on 
the  questions  of  increase  of  supply,  and  improvement  of  distri¬ 
bution  and  storage,  will  properly  follow  some  discussion  of  plans 
heretofore  presented. 
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Trout  Brook  Plan. 

In  the  Report  of  March  8th,  1862,  to  the  Common  Council, 
an  estimate  is  made  for  an  increase  of  pumping  supply,  includ¬ 
ing  a  new  reservoir  on  Zion’s  Hill,  the  engines  to  have  a  capacity 
of  7,000,000  gallons  per  24  hours,  and  the  reservoir  to  contain 
20,000,000  gallons.  Preference  is  however  given  to  a  supply  by 
gravitation  from  Trout  Brook,  in  presenting  which,  2,000,000 
gallons  daily  consumption  is  considered  sufficient  for  the  pres¬ 
ent  and  prospective  population,”  the  comparative  estimate  of 
pumping  expense  being  made  on  this  basis.  No  provision  is 
made  for  any  improvement  in  distribution  mains.  A  reservoir 
is  estimated  for  on  Prospect  Hill,  two  miles  west  of  the  city,  of 
4,000,000  gallons  capacity,  which  is  said  to  be  “  unnecessary.” 
No  estimate  is  made  for  any  engine  repairs  or  renewal,  or  annu¬ 
al  operations,  from  which  it  is  concluded,  that  Trout  Brook  is  to 
be  taken  as  a  substitute  rather  than  an  additional  ”  supply, 
and  that  the  Brook  reservoir  is  relied  upon  for  storage  and  ele¬ 
vation. 

In  the  report  of  Feb.  23,  1863,  the  reservoir  at  Prospect  Hill 
(near  Vanderbilt’s,)  is  retained,  and  may  be  considered  part  of 
the  general  plan ;  I  am  informed  that  the  Lord’s  Hill  reservoir 
is  also  retained.  Prom  both  these  documents  it  appears  that  a 
large  balance  of  expense  favors  the  gravitation  substitute. 

As  this  plan  is  devised  for  an  entire  daily  supply  of  but 
2,000,000  gallons,  for  which  it  proposes  an  actual  cash  outlay  of 
about  $112,000,  I  find  it  difficult  to  understand  how  it  can  be 
advised  for  adoption,  if  regard  is  paid  to  the  immediate  wants  of 
the  city  without  reference  to  any  future  increase,  since  the  engine 
which  is  to  be  abandoned  with  its  costly  building  and  appurte¬ 
nances,  is  itself  capable  of  pumping  nearly  or  quite  this  amount, 
and  the  interest  of  the  proposed  expenditure  considerably  exceeds 
the  annual  cost  of  pumping.  Familiar  as  I  am  with  the  startling 
experience  of  our  water  supplies,  from  inadequate  and  short¬ 
sighted  provision  for  the  future  in  their  original  design,  I  could 
not  advise  the  consideration  of  any  such  substitute  either  as  to 
quantity  or  as^  to  economy.  The  plan,  however,  should  be  inves¬ 
tigated,  in  search  of  better  qualifications  than  those  claimed  as 
its  advantages  by  its  advocates,  and  this  investigation  may  be 
directed  to  its  quality,  quantity,  and  certainty  of  supply,  effective 
head,  cost,  and  general  features. 
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Quality.  The  character  of  the  several  currents  of  a  running 
stream,  may  be  affected  by  its  conditions  of  surface  and  under¬ 
ground  supply,  its  relative  depth,  temperature,  velocity,  organic 
and  mineral  impregnation,  solar  exposure,  and  otherwise ;  so  that 
different  constituents  would  be  shown  by  analysis  of  different  cur¬ 
rents  in  the  same  or  different  localities  of  flow ;  and  it  is  also 
plain  that  a  very  small  fraction  of  the  entire  body  can  not  be 
taken  as  a  correct  index  of  general  qiiality.  So  far,  however,  as 
the  analyses  of  a  demijohn  full  from  the  locality  of  the  proposed 
dam  can  be  compared  with  the  same  quantity  from  the  Connecti¬ 
cut  river,  it  appears  that  the  latter  is  the  best  water,  having  1,051 
grains  of  organic  matter  in  2,568  grains  of  solid  matter  per  gal¬ 
lon,  while  Trout  Brook  has  1,684  grains  organic  matter  in  3,268 
grains  solid  matter  per  gallon.  Its  quality,  in  itself,  is  admirable 
by  this  analysis,  and  open  to  no  reasonable  objection. 

But  it  is  a  matter  of  plain  and  common  sense  deduction  from 
known  causes,  and  of  direct  demonstration  from  abundant  expe¬ 
rience,  that  the  quality  of  any  running  stream  can  not  be  a  cor¬ 
rect  index  of  its  quality,  if  aggregated  for  long  periods  of  time  in 
capacious  and  shallow  reservoirs,  and  exposed  to  the  action  of 
light  and  heat,  while  constantly  accumulating  mechanical,  min¬ 
eral,  and  vegetable  impurities.  Aside  from  the  advantage  of 
storage,  the  object  of  all  water-works’  reservoirs,  is  to  depurate 
the  supply,  by  giving  some  currents  the  advantage  of  subsidence, 
while  others  are  more  fully  impregnated ;  the  surface  waters  be¬ 
ing  comparatively  free  from  the  conditions  of  the  greater  depths. 
If  such  reservoirs  could  be  covered  for  protection  from  the  sun, 
properly  aerated  and  circulated  in  content,  and  blown  out  at  the 
bottom  from  time  to  time,  storage  would  be  an  improvement ;  but 
until  these  conditions  are  properly  realized,  storage,  beyond  a 
narrow  limit,  can  not  but  be  regarded  as  objectionable,  though 
lakes  and  reservoirs  of  great  depth,  supplied  with  large  quantities 
of  pure  rain  water,  generally  escape  the  effects  of  different  condi¬ 
tions.  We  know  this  by  unmistakeable  experience  at  Brooklyn, 
and  it  has  also  been  observed  in  New  York,  Boston,  Albany,  and 
other  cities  of  this  country  and  Europe,  and  prominently  in  your 
own  vicinity,  at  New  Britain.  This  subject,  whicfi  is  of  great 
moment,  in  a  case  of  this  kind,  is  fully  presented  in  the  docu¬ 
mentary  evidence  given  in  the  appendix,  where  it  may  be  exam- 
ned  by  those  who  choose  to  profit  by  experience.  Evils,  from 
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which  the  Connecticut,  on  this  question  of  quality,  flows  com¬ 
paratively  free,  hang  over  this  plan  with  no  trivial  portent,  which 
proposes  to  pond  about  121,000,000  gallons  in  a  reservoir  of  26 
acres  surface,  in  which  two-thirds  of  its  contents  are  above  15 
feet  deep. 

Quantity.  Trout  Brook,  at  the  point  five  miles  west  of  the 
city,  where  the  dam  is  located,  is  formed  of  two  branches  of  short 
length  and  rapid  fall,  which  descend  from  the  Talcott  mountain 
range,  with  abrupt  feeding  slopes,  it  is  subject  to  rapid  and  seri¬ 
ous  changes  in  flow.  Professor  Silliman  estimates  the  rain  shed 
of  both  branches,  above  the  dam,  at  ten  square  miles,  giving  an 
average  theoretical  flow  per  day  of  7,000,000  gallons.  As  these 
branches  do  not  exceed  one  and  a  half  miles  in  length  as  mapped, 
I  am  at  loss  to  understand  how  the  drainage  area  can  extend 
nearly  6  miles  north  and  south  ;  but  if  we  assume  this  estimate 
correct,  the  reported  gaugings,  which  fix  the  minimum  flow  of 
the  stream  at  500,000  gallons  per  day,  also,  according  to  the 
custom  of  our  profession,  determine  its  value  as  a  source  of 
supply. 

Whatever  surplus  passes  over  the  dam  in  seasons  of  freshets  or 
extraordinary  rain,  can  not  be  considered  available,  and  beyond 
the  storage  of  the  reservoir  proper,  must  be  secured  by  upper 
reservoirs  of  storage  or  lost ;  and  no  estimate  or  provision  is  made 
in  this  plan  for  them.  Professor  Silliman  mentions  a  change  of 
flow  in  this  stream,  within  a  space  of  thirty-five  days,  from 
6,000,000  to  600,000  gallons,  and  also  refers  to  a  drought  of  six 
weeks.  It  is  quite  evident  then,  that  for  the  usual  periods  of 
drought,  which  often  exceed  six  weeks,  the  city  must  depend 
only  on  the  minimum  supply  and  the  storage  under  this  plan. 

While  the  total  contents  of  the  pond  is  121,000,000  gallons, 
there  is  a  prudential  limit  to  the  depth  to  which  it  may  be  drawn 
down  ;  and  from  the  formation  of  the  northern  basin,  and  the  loss 
of  head  shortly  to  be  noticed,  this  limit  is  certainly  above  fifteen 
feet  depth,  which  would  make  the  storage,  by  the  cross  sections, 
about  86,000,000,  to  which  adding  Prospect  Hill  and  Lord’s  Hill 
reservoirs,  we, have  a  total  of  98,000,000  gallons.  With  2,000,000 
gallons  demand  per  day,  this  would  give  65  days’  supply,  but  with 
4,000,000  gallons  demand,  28  days’  supply,  so  that  a  drought  of 
but  four  weeks  would  exhaust  the  available  sources,  and  compel 
the  city  to  wait  the  visitation  of  the  rainy  season  for  water.  Can 
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it  then,  be  in  any  sense  prudent,  to  depend  on  a  plan  under  these 
contingencies,  with  any  regard  whatever  to  the  future  ? 

This  calculation  does  not  include  the  daily  loss  by  evaporation, 
and  filtration  through  the  gravel  formation  of  the  ravine,  which  is 
most  important  when  the  quantity  diverted  and  lost  can  be  least 
spared. 

Certainty  of  Supply,  The  rapid  fluctuations  in  flow  to  which 
this  stream  is  subject,  from  the  character  of  its  feed  sources, 
place  it,  so  far  as  its  quantity  of  flood  discharge  may  go,  in  the 
category  of  mountain  streams,  which  jeapordise  dams,  gate  houses, 
and  other  structures;  a  contingency  which  may  be  enhanced 
by  breaking  up  the  ice  sheet  of  the  pond,  and  by  the  extraor¬ 
dinary  hight  of  the  proposed  dam,  which  is  at  one  point  fifty  feet 
above  bottom.  The  line  of  the  supply  main  is  also  crossed  by 
several  swift  or  large  streams,  which  add  to  the  contingency  of 
delivery  and  should  not  be  overlooked;  and  this  objection,  as  to 
remote  locality,  diminished  certainty  of  supply,  expense  of  line 
and  of  supervision,  and  difficulty  of  access,  construction  and  re¬ 
pair,  is  common  to  nearly  all  gravitation  supplies.  The  Boston 
aqueduct  is  in  continual  jeapordy ;  extra  guards  have  been  placed 
on  the  Croton  aqueduct,  and  the  Washington  aqueduct,  for  pro¬ 
tection  from  sources  of  risk  unknown  to  pumping  supplies;  and 
like  supervision  is  incidental  to  all  suburban  lines  of  supply. 

Effective  Head,  For  the  site  of  the  dam  proposed  in  the  re¬ 
port,  the  level  of  the  pond  is  stated  at  two  hundred  and  fifty  feet 
above  low  water.  As  this  is  five  miles  distant  from  the  connec¬ 
tion  with  the  distribution,  and  the  loss  of  head  per  mile  depends 
on  the  diameter  of  the  supply  main  and  the  quantity  of  flow, 
the  effective  head  at  the  city  will  be  proportionally  diminished. 
The  line  of  main  passes  down  the  Farmington  road  through 
West  Hartford,  a  road  consts^ntly  undulating,  being  intersected 
by  low  ravines  and  high  hills.  Each  depression  tends  to  collect 
sediment,  and  each  summit  to  collect  air,  both  retarding  the  flow, 
but  the  latter  by  far  the  most  seriously.  Proper  attention  to 
blow-off's  and  air-valves  will  remedy  this  evil,  but  such  attention 
is  rarely  bestowed  in  practice. 

For  a  supply  of  2,000,000  gallons  per  day,  a  main  16  inches 
in  diameter  is  estimated,  and  if  the  engine  power  is  dispensed 
with,  must  be  relied  on  by  the  city.  If  the  Lord’s  Hill  reservoir 
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is  to  be  supplied  by  it,  no  increase  of  head  will  be  realized,  un¬ 
less  it  supplies  the  distribution  direct,  using  this  reservoir  and 
that  at  Prospect  Hill  as  reserves.  In  that  case  the  main  must 
deliver  its  supply  in  the  twelve  working  or  sixteen  waking  hours 
of  the  day ;  and  at  the  first  rate  the  effective  city  head,  not  in¬ 
cluding  allowance  for  undulations  of  main,  will  be  115  feet,  and 
at  the  second  rate,  170  feet.  But  when  the  city  requires  4,000,- 
000  gallons,  a  second  main  will  be  required,  since  the  delivery 
of  4,000,000  gallons  in  sixteen  hours  would  reduce  the  head  to 
twenty-five  feet.  It  would  be  much  more  advisable  and  cheaper 
to  lay  a  twenty  inch  main,  which  will  deliver  4,000,000  gallons 
in  sixteen  hours,  with  an  effective  head  of  150  feet,  theoret¬ 
ically,  except  in  those  cases  of  annual  drought,  when  the  main 
reservoir  will  be  drawn  down,  to  furnish  the  supply.  It  is  evident 
then  that  the  time  is  not  far  distant  when  the  effective  head  un¬ 
der  this  plan,  will  not  much  exceed  at  Lord’s  Hill,  without  re¬ 
gard  to  the  remote  districts  of  supply,  the  present  reservoir  head. 
If  the  delivery  of  the  twenty-inch  main  is  required  in  twelve 
hours,  the  effective  head  will  be  reduced  to  89  feet ;  and  in  case 
cast  iron  pipes  are  used,  the  natural  internal  accretions  will,  in 
time,  seriously  diminish  this  theoretical  head. 

Cost,  Prom  such  examination  as  I  have  been  able  to  give  the 
cross  sections  of  the  Trout  Brook  reservoir  and  other  details  of 
the  line,  the  following  estimate  may  be  made,  approximately,  of 
the  cost,  as  proposed  in  the  Report  of  1862. 

The  first  item  of  land  damage,  will  depend  on  the  quantity 
taken,  the  facility  with  which  possession  is  obtained,  and  the  ul¬ 
timate  cost  per  acre.  The  quantity  will  considerably  exceed  the 
submerged  area,  probably  reaching  forty  acres.  As  the  road  at 
the  head  of  the  pond  will  be  flooded  about  seven  feet,  the  cost 
of  a  new  road  is  to  be  included.  This  amount  may  not  exceed 
13000. 

The  second  item  of  water  rights,  involving  not  only  mill  rights 
but  riparian  damage  along  the  stream,  below  the  dam,  is  of  a 
more  complicated  character,  since  the  distance  is  about  six  and 
one-half  miles,  and  the  fall  about  200  feet.  The  amount  of 
water  power  available  controls  the  claim  for  damage. 

At  Brooklyn  $5000  were  paid  for  some  grist  mill  damages  ;  in 
the  estimate  of  Lowell  mill-power,  recently  submitted  by  me  in 
the  Washington  aqueduct  arbitration,  the  representative  cost 
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capital  was  129,333.  The  cost  of  water  rights  at  Albany  was 
$100,000,  at  Baltimore  $236,958,  at  Boston  $211,930,  at  Brook¬ 
lyn  $120,200,  at  New  York  $173,955,  at  Philadelphia  $236,958, 
for  supplies  ranging  from  12,000,000  to  33,000,000  gallons  per 
day  as  a  minimum.  It  would  not  be  safe  to  take  this  item  at 
less  than  $20,000. 

For  the  reservoir  and  its  feeders,  careful  provision  should  be 
made  for  thorough  grubbing,  soiling,  and  mucking.  This  item, 
on  one  of  the  Brooklyn  ponds,  averaged  about  $2000  per  acre. 
This  item,  for  careful  work,  judging  from  the  description  of  the 
stream  as  reported,  and  the  extensive  areas  affected,  can  not  be 
taken  below  $20,000. 

The  dam,  which  is  exposed  to  very  severe  strain,  and  must  be 
not  only  carefully  built,  but  protected  from  the  action  of  surface 
waves  and  floods,  will  cost  for  32,000  yards  embankment  at  30 
cents,  $9,600;  for  1569  yards  slope  masonry  at  $3.50,  $5,393  ; 
for  2,102  yards  puddling  at  50  cents,  $1,056  ;  for  masonry  apron 
1600  yards  at  $4,  $6,400  ;  for  gate  house  and  fixtures,  $1,000; 
for  fencing,  $1,200,  and  for  keeper’s  house  $2,000  ;  being  a  total 
of  $26,648. 

The  cost  of  twenty  inch  cast  iron  main,  including  ordinary 
trench  work,  can  not  be  taken  at  less  than  $4.50  per  foot.  To 
this  is  to  be  added  an  item  for  right  of  way,  across  private  prop¬ 
erty  to  the  Farmington  road,  with  deep  trenching  near  the  dam, 
and  the  cost  of  masonry  creek  crossings,  blow-offs,  air-valves, 
stop-cocks,  and  other  attachments.  As  the  engineer  of  the 
^‘Jersey  City  Water  and  Gas  Pipe  Company”  is  stated  to  have 
proposed  to  lay  complete  the  sixteen  inch  cement  pipe  line  for 
$2.40  per  foot,  or  about  the  card-price  of  their  pipe  and  of  the 
pipe  manufactured  under  Knight’s  patent,  exclusive  of  freight 
and  trenching,”  and  the  difference  between  twenty  inch  cast 
iron  and  cement  pipe  is  stated  in  the  Report  of  1862,  at  $1.25 
per  foot,  we  will  assume  these  extraordinary  prices  correct  for 
purposes  of  comparison,  taking  the  twenty  inch  pipe  laid  com¬ 
plete  at  $3.25,  per  foot,  or  for  26,400  feet,  $85,800. 

To  this  amount  must  be  added  the  capital  represented  by  the 
annual  salary  of  the  keeper,  the  repairs  of  the  several  structures, 
and  the  supervision  of  the  line  of  main,  which  would  not  vary 
much  from  $15,000. 
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The  plan  also  includes  the  reservoir  at  Prospect  Hill,  of  4,000,- 
000  gallons  capacity,  which  has  no  utility  except  as  a  reserve. 
This  was  estimated  at  $13,703,  to  which  adding  25  per  cent,  for 
increase  in  prices,  we  have  about  $17,000. 

The  summary  of  cost  will  then  be,  for 


Land  Damages,  -  -  -  -  $3,000 

Water  Rights,  _  -  -  -  -  20,000 

Grubbing,  Mucking,  &c.,  -  -  20,000 

Dam  and  Structures,  -  .  .  26,648 

Twenty  Inch  Main,  -  -  -  85,800 

Prospect  Hill  Reservoir,  -  -  -  17,000 

Capital  for  Supervision,  &c.,  -  -  -  15,000 


Total,  -  -  -  -  $187,448 


In  making  any  estimates  of  this  kind  of  work,  as  to  pondage, 
dam,  structures,  main,  and  damages,  it  is  advisable  to  provide 
liberally  for  contingencies.  Whenever  legal  services  are  retained 
and  questions  of  occupation  or  injury  are  carried  into  court,  the 
items  of  expense  rapidly  accumulate ;  wherever  contracts  are 
taken  too  low,  the  city  suffers  in  the  end ;  and  during  construc¬ 
tion,  storms  and  floods  are  to  be  apprehended.  I  am  desirous, 
however,  in  this  special  case,  to  under-estimate  rather  than  ex¬ 
ceed  the  amounts  due,  in  my  opinion,  to  careful  and  substantial 
work,  and  leave  such  additions  or  amendments  to  your  discre¬ 
tion.  I  take  it  for  granted  that  no  general  plan  will  be  definitely 
adopted  until  it  has  had  the  concise  and  systematic  engineering 
examination,  which  does  not  appear  to  have  been  heretofore 
given,  and  is  not  assumed  in  the  suggestions  herein  presented. 

Plan  Proposed. 

Prom  this  examination  of  the  general  features  of  the  present 
and  prospective  supply,  and  of  the  plan  of  substitute  presented, 
we  may  take  up  the  subject  of  improvement  in  detail,  for  sug¬ 
gestions  as  to  the  distribution,  the  increase  of  supply  by  engine 
power,  and  the  increase  of  reservoir  head  and  storage. 

Distribution  Feed  Mains.  An  important  improvement  in 
house  supply  may  be  made  without  involving  much  cost, 
by  forming  the  present  service  into  districts,  and  connecting 
them  with  feeding  mains.  A  general  plan  of  this  kind  should 
be  adopted  as  the  guide  for  future  extensions,  but  need  not  be 
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fully  executed  at  present ;  and  this  general  plan  should  be  based 
on  a  ridge  line  of  large  mains,  northerly  and  southerly  from 
Lord’s  Hill,  with  a  central  line  easterly,  with  secondary  feeders 
of  smaller  calibre,  branching  from  them  at  proper  distances  and 
at  right  angles,  or  nearly  so. 

For  the  present  it  will  be  sufficient  to  provide  the  reservoir 
with  a  large  effluent  connection,  from  which  three  lines  of  16 
inch  main  may  be  eventually  fed  ;  the  central  line  to  be  arranged 
at  once  by  appropriating  the  present  force  main  down  to  Main 
street,  and  the  southern  line  to  lead  across  the  Ford  street  bridge, 
then  through  Washington  street  to  Park ;  the  northern  line  is 
not  yet  needed.  The  balance  of  the  force  main,  not  used  for 
the  central  line,  may  be  applied  to  the  southern,  and  the  pipes 
which  will  be  superceded  in  use,  will  answer  for  other  extensions. 
In  process  of  time,  10  inch  branches  may  be  connected,  as  late¬ 
ral  district  feeders.  The  16  inch  service  must  also  connect  with 
the  new  force  main  herein  suggested. 

The  district  west  of  Washington  street,  commanded  by  Zion’s 
Hill,  on  which  a  reservoir  is  also  recommended,  will  be  consider¬ 
ably  improved  when  the  city  is  using  4,000,000  gallons  per  day, 
and  will  require  its  system  of  distribution  ;  but  as  this  item  is 
properly  chargeable  to  extensions,  rather  than  increase  of  supply, 
it  need  not  be  added  to  the  estimates  for  either  plan  under  dis¬ 
cussion. 

Of  the  force  main,  if  applied  to  this  plan,  there  will  be  about 
2250  feet  to  lay  on  the  southern  line,  which  has  a  total  length, 
from  Oriental  Passage  and  High  street  of  about  5400  feet.  The 
estimate  of  cost  will  then  be  for 


Relaying  16  main,  2250  feet,  fl.OO,  - 

-  12,250 

New  cement  “  3150  “  2.75, 

8,663 

Stop  Cocks,  &c.,  ... 

800 

Total,  -  -  - 

-  111,713 

exclusive  of  arrangement  at  the  reservoir,  chargeable  to  reser¬ 
voir  account. 

Engine  Power.  The  engine  and  boiler  house  admit  consider¬ 
able  extension  of  engine  space  ;  with  a  cylinder  as  large  as  that 
of  the  present  engine,  now  working  under  great  expansion,  there 
will  be  no  difficulty  in  substituting  two  enlarged  pumps,  for  the 
present  small  ones,  so  as  to  bring  the  delivery  up  to  3,000,000 
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gallons  per  day,  or  1,500,000  for  12  hours ;  and  this  change 
would  give  room  for  a  second  engine  on  the  more  compact  and 
powerful  plan  of  the  Brooklyn  engine,  capable  of  pumping 
2,500,000  gallons  per  12  hours  or  5,000,000  per  day,  giving  an 
aggregate  capacity  of  8,000,000  per  day.  Some  improvements 
will  be  required  in  the  river  delivery  to  remedy  the  inflow  of 
sandy  or  roily  water. 

From  the  proposals  heretofore  made  under  the  head  the  cost 
may  be  taken  at  $42,000. 

I  also  suggest  that  the  present  force  main  be  transferred  to  the 
distribution,  and  a  new  line  of  24  inch  main  laid  to  the  reser¬ 
voir,  to  which  both  engines  may  be  connected ;  the  main  to  pass 
up  Pleasant  street,  and  on  garden  fence  lines  across  the  block  to 
High  street,  through  Oriental  Passage  and  Walnut  street  to 
Spruce,  across  the  railroad,  south  of  the  railroad  buildings,  to 
and  through  Myrtle  street  to  the  reservoir,  being  a  total  length 
of  about  5400  feet,  of  which  some  1100  feet  will  be  through 
private  property  uninjured  by  its  line.  If  laid  with  cement 
lined  pipe  of  Ball’s  or  Knight’s  patent,  the  cost  will  be,  for 
5,400  feet  24  inch  main,  at  $4.50,  -  $24,300 

1,100  right  of  way,  1.50,  -  -  1,650 


Total  to  reservoir,  -  -  $25,950 

To  this  must  be  added  about  3,700  feet  of  12  inch  pipe,  as  the 
force  main  extension,  from  the  16  inch  line  at  Park  street,  in 
Washington,  to  the  Zion’s  Hill  reservoir,  being  for  cement  lined 
pipe  at  $1,50  per  foot,  $5,550,  or  $31,500  in  all. 

Zion's  Hill  Reservoir.  In  connection  with  this  general  plan, 
and  as  an  exclusive  source  of  supply  to  its  immediate  vicinity, 
though  connected  with  the  main  distribution  by  stop  gates,  I 
propose  the  construction  of  a  reservoir  on  this  eminence,  with 
an  elevation  of  about  165  feet,  and  containing  about  12,000,000 
gallons.  Auxiliary  reservoirs  of  this  kind  are  in  common  use  in 
Europe,  and  in  some  cases  with  us,  as  at  Brooklyn  on  Prospect  Hill, 
at  Philadelphia,  San  Francisco,  and  other  cities,  and  they  have 
the  advantage  of  increased  capacity  and  head,  with  ’much  econ¬ 
omy  in  special  supply,  limited  to  the  head  of  the  particular  dis¬ 
trict.  They  are  valuable  also  for  such  contingencies  as  extraor¬ 
dinary  fires,  repairs  to  main  reservoirs,  and  otherwise. 

This  reservoir  may  be  supplied  in  three  ways  ; — by  an  inde- 
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pendent  line,  through  Front  street,  Retreat  avenue,  and  Vernon 
street,  from  the  engine  house, — by  an  auxiliary  steam  engine, 
near  Washington  and  Baker  streets  taking  water  from  the  16 
inch  main, — and  directly  from  the  proposed  24  inch  force  main 
at  High  street,  by  using  the  16  inch  line  through  Washington 
street,  and  the  12  inch  extension,  above  estimated.  The  latter 
would  be  the  most  economical  in  capital  and  in  coal  account,  if 
the  stop  gate  branches,  from  the  16  inch  main,  are  properly  ad¬ 
justed  while  in  use  as  a  force  main,  and  the  Lord’s  Hill  reservoir 
is  shut  oft.  The  quantity  required  for  this  district  in  187 0,  would 
not  probably  exceed  one-fifth  the  entire  city  supply. 

Without  accurate  survey  of  this  location,  a  close  estimate  of 
cost  can  not  be  made,  but  judging  from  plans  made  for  other 
localities,  and  a  personal  inspection  of  the  site,  I  think  a  reser¬ 
voir  of  the  capacity  named,  could  be  built  and  connected  with  its 
special  district  for  about  $30,000,  if  judiciously  planned  ;  and  it 
would  have  the  advantage  of  admitting  considerable  enlargement- 

Cost  of  Pumping,  On  the  basis  of  4,000,000  gallons  delivery 
per  twelve  hours,  this  expense  may  be  thus  calculated. 

The  pump  duty  of  engines  of  the  Brooklyn  and  Hartford  pat¬ 
tern  has  been  experimentally  determined  as  equal  to  not  less  than 
600,000  pounds  of  water  raised  one  foot  high  with  one  pound  of 
coal.  If  we  deduct  ten  per  cent,  from  this  to  cover  various 
wastes,  and  take  the  practical  standard  at  640,000  foot-pounds, 
we  have  64,748  gallons  raised  one  foot  per  pound  of  coal.  Taking 
the  prism  lift  of  the  present  reservoir  at  119  feet,  as  results  from 
experiment,  plus  24  feet  pumping  friction,  we  have  4,000,000 
gallons,  X  143  feet  —  572,000,000  raised  one  foot  64,748  = 
8,834  pounds  of  coal,  or  about  four  tons.  The  price  of  coal, 
though  a  matter  of  recent  speculation,  will  not  probably  average 
more  than  $5.25  per  ton  in  the  future,  for  this  use.  The  attend¬ 
ance  beyond  what  is  now  required,  is  limited  to  increased  coal 
use,  and  the  items  of  oil,  waste,  repairs,  &c.,  are  nearly  propor¬ 
tionate  to  use.  We  have  then,  per  year,  for 


Four  tons  coal,  330  days,  at  $5.25, 
Attendance, 

Oil,  waste,  &c.,  -  -  - 

Repairs,  ten  per  cent,  on  cost. 


$6,930 


2,100 

268 

670 


Total, 


$9,868 
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To  lift  800,000  gallons  to  Zion’s  Hill,  being  with  friction,  about 
50  feet  higher,  will  cost  800,000  x  50  =:  40,000,000  64,748  = 

618  pounds  coal  x  330  days  =  203,940  pounds  ^  2,240  =  91 
tons  per  year.  At  $5.25,  the  additional  coal  account  will  be 
$478.  For  an  aggregate  annual  cost  of  $10,346,  the  representa¬ 
tive  capital  will  be  $172,433. 

The  aggregate  of  the  items  for  the  entire  modification  sug¬ 
gested,  which  involves  an  increase  of  capacity  of  about  6,250,000 
gallons  per  day,  with  a  total  capacity  of  8,000,000  gallons ;  an 
actual  increase  of  delivery  of  2,700,000  gallons  per  day;  an  in¬ 
crease  of  storage  of  12,000,000  gallons ;  the  re-arrangement  of 
the  distribution,  and  forty  feet  increase  in  head,  will  be  for  actual 


outlay  in 

Distribution  feed  mains,  -  -  -  $11,713 

Engine  power,  -  -  -  -  42,000 

Twenty  four  inch  main,  &c.,  -  -  31,500 

Zion’s  Hill  Reservoir,  -  -  -  30,000 


Total,  .  -  -  .  $115,213 


To  this  must  be  added  the  difference  of  capital  between  the 
present  annual  expenditure  of  $5,777.17  for  pumping,  or  a  cap¬ 
ital  of  $96,286,  and  the  total  pumping  capital  of  $172,433  or 
$76,147.  The  representative  cost  of  these  improvements  will 
then  be  $191,360.  And  this  amount  should  be  credited  with 
the  value  of  the  sixteen  inch  force  main,  and  all  other  pipes 
through  its  use  transferred  to  distribution  use  or  extension ;  it 
must  also  be  observed  that  the  capital  for  pumping  expense  is  not 
reached  until  4,000,000  gallons  are  actually  pumped  in  twelve 
hours,  the  account  for  1870  being  entitled  to  a  credit  for  this 
item  of  saving.  For  supply  beyond  4,000,000  gallons  per  work¬ 
ing  day,  the  cost  will  be  increased  by  the  coal  account,  without 
any  material  addition  for  attendance. 

Comparison  op  Plans. 

The  Connecticut  river  supply,  when  the  inlet  pipe  is  properly 
arranged,  is  open  to  no  valid  objections  as  to  quality,  while  its 
quantity  is  practically  inexhaustible.  The  modification  of  the 
feed  mains  will  make  the  lower  reservoir  much  more  useful  to 
the  denser  part  of  the  city,  while  the  elevated  reservoir  on  Zion’s 
Hill  fully  meets  all  future  requirements  as  to  storage  and  special 
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head,  and  also  provides  for  occasional  reservoir  repairs.  The  use 
of  two  engines  answers  all  the  objections  of  contingent  accident, 
hurried  repair,  and  overdriven  attendance.  An  important  saving 
will  also  be  made  by  the  use  of  the  enlarged  and  shorter  force 
main.  And  all  these  advantages,  covering  a  capacity  of  supply 
of  8,000,000  gallons  per  day,  from  works  within  the  city  limits, 
and  under  immediate  inspection  and  control,  may  be  had  for  an 
actual  expenditure  of  $115,213. 

It  can  only  be  necessary  to  suggest,  in  this  connection,  that 
after  the  capital  is  expended  for  a  supply,  the  more  rapidly  con¬ 
sumption  of  water  increases,  the  more  surely  is  income  realized, 
and  all  experience  advocates  the  encouragement  of  consumption, 
and  of  facility  for  supply.  The  rapid  increase  of  the  city  and  of 
water  use,  must  be  regarded  as  a  direct  benefit  to  the  tax  payers ; 
and  any  restriction  of  available  supply,  as  a  direct  injury.  This 
consideration  bears  with  great  force  on  the  scale  of  capacity 
herein  suggested. 

The  Report  of  March  8,  1862,  contemplates  a  supply  of 
2,000,000  gallons  per  day,  being  somewhat  in  excess  of  present 
consumption,  and  about  two-thirds  the  capacity  of  the  present 
engine,  with  an  alteration  of  moderate  expense.  If  this  supply 
was  intended  as  merely  additional,”  a  capital  of  $96,286  should 
have  been  added  to  the  estimate  of  its  cost  to  represent  annual 
expense;  and  if  it  was  intended  as  a  substitute,  it  should  be 
charged  with  the  cost  of  the  works  abandoned,  $73,000,  or  such 
loss  as  their  disposal  would  entail. 

The  necessity  of  the  amendment  to  this  plan,  as  an  adaptation 
to  future  wants  of  no  remote  character,  which  we  have  suggested 
in  the  enlargement  of  the  supply  main,  as  a  requisite  not  only  to 
future  delivery,  but  to  actual  use  of  the  distributing  reservoirs  at 
the  time  of  increased  demand,  has  been  already  presented  and 
discussed ;  it  must  be  admitted  if  Hartford  is  to  follow  its  previ¬ 
ous  law  of  increase,  and  the  law  of  other  cities.  Granting,  then 
for  present  argument,  a  capacity  of  4,000,000  gallons  per  day,  it 
can  not  be  claimed  that  this  capacity  can  be  much  enlarged,  and 
the  time  will  therefore  come,  and  within  fifteen  years,  when  an¬ 
other  source  of  supply  must  be  obtained. 

On  the  basis  of  4,000,000  gallons  supply,  the  actual  cash  out¬ 
lay  under  this  plan  will  be  $172,448.  To  this  must  be  added 
$11,713  for  the  modification  of  the  distribution,  and  $15,00  0 
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capital  of  suburban  supervision,  making  in  all  $199,161.  For 
the  river  supply,  with  twice  the  capacity,  under  much  superior 
head,  the  actual  outlay  is  $115,213,  and  the  entire  pumping  cap¬ 
ital,  $172,433,  or  in  all  $287,646,  Add  to  the  gravitation  plan? 
$73,000  for  works  abandoned,  and  we  have  $272,161  as  its  rep¬ 
resentative  cost.  There  is  therefore  but  $15,785  difference  in 
capital  against  the  river  supply,  with  $57,225  actual  outlay  in  its 
favor,  and  a  balance  of  4,000,000  gallons  daily  capacity. 

The  matter  of  cost  is  the  least  objection  to  the  gravitation  sub¬ 
stitute.  The  minimum  supply  during  the  dry  seasons  of  the 
year,  is  entirely  too  small  to  warrant  any  reliance  on  its  quan¬ 
tity,  and  would  involve  the  city  in  serious  difficulty,  or  serious 
additional  expense ;  and  the  objections,  which  are  more  than  con” 
jectural,  to  the  quality  of  the  supply  under  storage,  also  furnish 
grave  and  conclusive  arguments  against  its  use. 

If  then,  it  could  be  demonstrated  that  there  was  a  large  bal¬ 
ance  of  cost  in  favor  of  this  plan,  I  should  still,  from  the  expe¬ 
rience  of  my  professional  life,  advise  the  modification  of  the  river 
supply,  on  the  general  plan  suggested. 


A.PPENDIS: 


A 

Experience  of  Water  Works  as  to  the  objectionable  effects  pro¬ 
duced  by  the  action  of  the  sun  and  by  fermentation  on  shallow 
or  other  reservoirs  and  supplies. 

Water  in  Boston. 

The  Water  Board  regret  to  be  obliged  to  report  upon  a  de¬ 
terioration  in  the  quality  of  the  water,  which  has  recently  been, 
most  unexpectedly,  found  to  be  so  universally  prevalent,  as  to 
be  not  only  a  source  of  much  annoyance  to  every  water  taker, 
but  also  of  solicitude  to  all  who  feel  an  interest  in  the  welfare 
of  the  city.  It  was  first  observed  in  October  last,  and  consisted 
in  a  marked  and  peculiar  taste,  resembling,  in  the  opinion  of 
some,  that  of  fish,  but  we  believe  in  that  of  a  great  majority  of 
persons,  that  of  cucumbers,  or  some  similar  vegetable,  the  taste 
being  sometimes  accompanied  by  a  disagreeable  smell. 

Upon  examination  it  was  found  that  the  water  in  the  Brook¬ 
line  Reservoir  and  Lake  Cochituate  was  affected  in  precisely  the 
same  way.  ^  *  It  was,  however,  not  the  case  ;  indeed, 

in  most  instances,  the  impurity  seemed  to  be  actually  increased 
by  the  operation.  There  were  other  anomalies  quite  difficult  to 
account  for.  The  water,  for  instance,  in  the  dead  end^  was  fre¬ 
quently  proved  to  be  uninfected,  although  the  circulation  in 
those  places,  being  subject  only  to  the  actual  draught  of  residents 
there,  would  necessarily  be  quite  sluggish,  and  the  water  nat¬ 
urally  become  stagnant  and  impure  ;  and  on  the  other  hand,  in 
other  larger  pipes,  where  the  current  was  continuous  and  rapid, 
it  was  quite  offensive. 

On  the  presumption  that  it  was  local  in  its  origin,  and  in 
fact  confined  to  the  circulation  in  the  mains  and  distributing 
or  service  pipes,  they  were  all  forthwith  thoroughly  flushed  out. 
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It  was  deemed  important  to  ascertain,  as  far  as  practicable, 
whether  the  deterioration  of  the  water  during  the  past  year  was 
peculiar  to  Lake  Cochituate,  or  whether  other  lakes  and  ponds 
have  not  been  subject  to  the  same  trouble.  As  far  as  the  Board 
have  been  able  to  institute  any  inquiries,  they  have  found  that 
the  difficulty  has  by  no  means  been  confined  to  the  lake. 
Among  others.  Round  Pond,  near  Haverhill,  and  which  supplies 
that  town,  was  examined  by  the  city  engineer,  and  some  of  the 
water  brought  to  this  city.  It  was  precisely  similar  in  taste  to 
the  Cochituate  water.  There  was  also  sufficient  evidence  that 
Jamaica  Pond  had  been  in  the  same  state  recently.  ^  ^ 

^  ^  There  is  also  proof  that  several  wells  near  the 

Lake,  and  in  other  places,  have  had  their  water  affected  in  a 
similar  way ;  and  also  that  the  water  in  the  Chicopee  River 
was  for  a  time  quite  offensive.  Occurrences  mentioned  at  Alba¬ 
ny  bear  a  marked  resemblance  to  what  has  happened  here.  ^ 

^  ^  *  They  are  not  without  proof  also  that  the  same 

thing  has  been  observed  in  this  Lake  in  past  years,  though  at 
a  distant  period  of  time. 

The  remote  cause  of  the  impurity  the  Board  are  still  dis¬ 
posed  to  attribute  to  the  long  drought  and  hot  weather  which 
prevailed  during  the  past  season,  by  which  the  water  was  unusu¬ 
ally  reduced  in  the  lake,  and  a  large  extent  of  marsh  and  peat 
land  connected  with  the  lake  was  either  entirely  exposed  or  but 
slightly  covered  with  water,  by  which  animal  and  vegetable  de¬ 
composition  must  have  been  greatly  promoted,  and  the  products 
washed  or  carried  into  the  lake  by  the  rains  which  began  to  fall 
about  the  time  when  the  offensive  condition  of  the  water  was 
first  perceived. 

“  In  the  middle  of  January,  near  the  surface  of  Lake  Cochit¬ 
uate,  it  was^Then  comparatively  pure,  but  at  the  depth  of  twenty- 
five  or  thirty  feet^  in  the  northern  division,  the  repulsive  taste 
continued  about  as  manifest  as  it  was  previously.  In  the  other 
divisions  it  was  almost  entirely  tasteless.  It  was  also  discovered 
that  the  water  of  Dug  Pond,  tvhose  purity  had  never  before  been 
suspected,  had  undergone  a  similar  deterioration,  and  at  a  depth 
of  tiventyfive  feet^  closely  resembled  that  of  the  northern  divi¬ 
sion  ;  at  the  surface^  however,  it  had  no  offensive  taste  whatever.” 
— Report  of  Cochituate  Board  for  1854.  • 
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Water  in  Savannah. 

The  quality  of  the  water  supplied  by  the  works  has  varied 
with  the  season.  During  the  latter  portion  of  the  past  winter  it 
was  good,  and  from  the  first  of  October  of  the  present  year  to 
the  present  time  it  has  surpassed  expectation ;  but  from  May  to 
October  it  was  turbid  and  otherwise  objectionable.  The  cause 
of  this  difference  in  the  quality  of  the  supply  is,  that  in  the  win¬ 
ter  season  the  water  can  be  held  long  enough  for  the  foreign 
matter  held  in  suspension  to  be  deposited  at  the  bottom  of  the 
basins.  In  the  hot  months  the  river  is  subject  to  freshets  which 
bring  down  a  large  amount  of  clay  from  the  higher  portions  of 
the  State,  and  of  peaty  matter  from  the  swamps  of  the  low 
country.  The  exposure  of  water  thus  charged  with  foreign  in¬ 
gredients  in  open  reservoirs  to  the  sun^  quickly  produces  chemical 
changes  which  impair  its  quality ^ — Report  of  Savannah  Water 
Works  for  1854. 


Water  in  Albany. 

‘‘  From  the  foregoing  extracts,  in  connection  with  the  case  of 
continued  repetition  of  the  evil,  we  learn  that  although  the  im¬ 
purities  were  traced  to  the  fountain  head  of  Rensselaer  Lake, 
occurring  successively  in  1852,  1853,  1854,  and  1855,  and  the 
evil  was  deemed  to  be  corrected  by  the  repairs  and  grubbing  of 
its  sides  and  bottom  in  the  fall  of  1854,  its  true  source  lies  be¬ 
yond  the  precincts  of  the  lake,  and  calls  for  additional  investiga¬ 
tion  and  the  most  careful  precautions  against  its  periodical  return. 

It  is  very  evident  that  so  large  a  body  of  w^ater  as  this,  daily 
receiving  a  larger  or  smaller  supply  of  vegetable  solutions,  and 
exposed  for  long  periods  to  the  action  of  the  sun  in  the  hottest 
season,  without  a  sufficient  motion,  must  become  more  or  less 
unwholesome. 

^^The  fact  elicited  at  Boston  of  the  tendency  of  the  impure 
water  to  settle  to  the  bottom,  as  seems  to  have  been  the  case, 
witli  but  one  degree  of  difference  in  temperature  between  the 
surface  and  the  bottom,  shows  the  importance  of  taking  the  sup¬ 
ply  invariably  from  near  the  surface.’’ — Report  of  Albany  Water 
Committee^  Oct.  29,  1855. 

On  page  22  of  our  first  report  we  remarked  that  ‘  whatever 
the  analysis  of  a  flowing  stream  may  be,  however  pure  in  quality, 
it  is  quite  certain  that  the  moment  the  laws  of  its  motion  are 
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changed,  its  character  must  undergo  change;’  also,  that  a  large 
body  of  water  (page  20)  ^  daily  receiving  a  larger  or  smaller  sup¬ 
ply  of  vegetable  solutions,  and  exposed  for  long  periods  to  the  ac¬ 
tion  of  the  sun  in  the  hottest  season,  without  sufficient  motion, 
must  become  more  or  less  unwholesome.’  We  have  also  shown 
that  the  storage  capacity  of  Rensselaer  Lake  is  about  200,000,000 
gallons,  being  forty  times  its  maximum  daily  influx,  over  sixty- 
six  times  its  minimum  influx,  and  about  two  hundred  times  the 
supply  to  Bleecker  Reservoir.  This  lake  not  only  has  a  drainage 
district  of  2,025  acres,  but  spreads  over  a  large  extent  of  shallow 
bottom,  under  conditions  which  are  highly  favorable  to  the  accu¬ 
mulation  of  vegetable  matter,  and  the  evil  effects  of  solar  action. 
If  then,  experience  had  not  furnished  us  with  testimony  as  to  such 
effects,  in  other  localities  than  Albany,  the  ordinary  deductions  of 
common  sense  would  lead  every  one  to  our  own  explanation  of 
these  evils. 

The  testimony  on  record  which  sustains  our  theory  that  the 
immediate  cause  of  this  evil  is  solar  action  on  the  vegetable  and 
organic  matter  brought  into  the  lake,  and  retained  there  from  in¬ 
adequate  circulation,  is  quite  voluminous.  These  evils,  acknowl¬ 
edged  for  centuries  in  the  experience  of  hydraulic  engineers,  have 
involved  enormous  expenditures,  in  all  countries,  except  our  own, 
to  prevent  them.  Covered  aqueducts  and  covered  reservoirs  are 
the  rule  of  the  profession,  while  open  structures  of  this  kind  are 
the  exception.  From  the  splendid  ruins  of  the  reservoirs  of  Con¬ 
stantinople,  the  aqueducts,  castcllaa  and  cisternsB  of  Rome,  and 
those  of  Spain,  down  to  the  recent  constructions  of  England  and 
other  parts  of  modern  Europe,  the  same  methods  illustrate  the 
same  theory.” 

On  this  point  the  most  eminent  English  engineers  and  chemists 
thus  testify : 

‘‘Vegetation,  as  a  source  of  impurity,  depends  upon  the  time 
during  which  the  water  is  stored ;  if  the  water  moves  through  the 
reservoir  with  rapidity,  of  course  it  does  not  collect  that  amount 
of  vegetation  which  it  would  collect  if  it  remained  stagnant  in  the 
reservoir  for  any  considerable  period  of  time,  that  is  obvious ;  it 
is  practically  so,  and  it  is  so  according  to  common  sense.” — 
Hawksley, 

“In  the  Greenwich  Hospital  Reservior,  which  is  open,  in  the 
course  of  two  or  three  days,  vegelation  goes  on  very  rapidly, 
though  the  water  is  clear  when  it  is  pumped  into  the  reservoir.” 
— Braithwaite, 
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Fibrous  matter  is  engendered  in  the  water  in  the  summer  in 
three  or  four  days  to  a  very  small  extent,  and  then  it  increases  in 
such  a  way  that  we  find  it  desirable,  having  regard  to  the  quality 
of  the  water  we  distribute,  to  sweep  out  the  reservoir  about  once 
a  month  in  summer. — Hawksley . 

Vegetation  in  reservoirs  is  really  a  question  of  temperature  as 
well  as  exposure  to  the  light.” — Simpson, 

‘‘  I  know  that  engineers  are  endeavoring  now  to  keep  water  out 
of  daylight,  and  if  you  do  not  do  so  you  will  have  a  bad  supply 
of  water.  I  believe  all  complaints  of  bad  water  arise  from  the 
admission  of  daylight.  *  *  ^  Water  when  compara¬ 

tively  stagnant  tends  to  generate  animal  and  vegetable  life.  I  can 
only  speak  of  it  as  regards  the  taste  and  certain  effects ;  no  en¬ 
gineer  wishing  to  supply  a  town  with  water  would  choose  such  a 
mode  of  doing  so.” — Beardmore. 

In  river  water  or  water  exposed  to  surface  drainage,  there  is 
always  some  organic  matter  in  solution.  *  *  * 

higher  the  temperature  the  more  organism,  that  is,  the  more 
plants  and  animals  are  produced.  *  *  *  An  exposure 

to  light  and  air  brings  it  again  within  the  risk  of  vegetation  some¬ 
times,  and  sometimes  of  animalculae.” — Clark, 

If  shallow  reservoirs  are  exposed  to  the  heat  of  the  sun  in 
summer  they  give  rise  to  vegetable  and  animal  life.” — Vetch, 

‘‘1  do  not  know  exactly  what  depth  is  required  in  a  reservoir  to 
prevent  vegetation.  I  have  known  considerable  vegetation  in  ten 
feet  of  water.” — Leslie, 

“  The  Thames  water,  in  an  impure  state,  when  it  gets  out  to  sea, 
undergoes  putrefactive  fermentation  from  organic  matter  being 
mixed  with  it;  sulphureted  hydrogen  is  formed,  the  air  in  the 
water  and  the  cask  acts  upon  that  sulphureted  hydrogen  and  de¬ 
posits  sulphur.  The  water  clears  and  becomes  perfectly  sweet  to 
drink.  *  *  *  *  It  seems  to  be  a  providential  thing 

that  all  these  poisonous  and  foetid  gases  are  so  soon  destroyed  by 
the  air  in  the  water.” — Taylor, 

^^In  respect  to  vegetable  matter,  it  is  to  be  observed  that  when 
water  is  kept  stagnant  and  exposed  to  the  sun  in  moderate  tem¬ 
peratures,  vegetable  infusoria  of  the  class  called  algSB,  and  also 
fungoid  vegetation  appear  rapidly.  Many  tribes  of  these  vegeta¬ 
ble  productions  appear  to  die  with  great  rapidity.  Sometimes  in 
one  or  two  days  and  then  decompose.  *  *  *  Certain 

degrees  of  motion  are  unfavorable  to  the  production  of  algae  and 
other  infusorial  plants,  the  tissues  of  which  are  destroyed  by  brisk 
motion ;  but  a  large  proportion  of  tliem  are  found  in  slow  running 
waters  or  open  canals  with  little  traffic,  such  as  the  Regent’s  Ca¬ 
nal.  In  summer  time  the  extent  of  pollution  here  is  perceptible 
to  the  smell  over  the  bridges,  and  at  some  considerable  distance. 
*  *  *  While  exposure  and  stagnancy,  or  slow  motion, 

thus  increase  the  animal  and  vegetable  impurities  in  water,  they 
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likewise  increase  its  mineral  impurities,  by  the  increased  evapora¬ 
tion,  which  leaves  a  large  proportion  of  mineral  matter  as  a  resi¬ 
duum.” —  General  Board  of  Healthy  1850. 

believe  that  motion  greatly  promotes  the  aeration  of  water. 
*  *  *  *  'X'’P0  smell  which  impure  water  frequently 

possesses  depends  generally  upon  the  presence  of  vegetable  and  an¬ 
imal  matter  in  a  state  of  decomposition.” — HassalL 

Water  bubbling  from  under  ground  may  be  kept  in  the  dark 
in  a  stoppered  bottle  without  change ;  but  river  water  or  water 
having  organizable  matter  in  it,  will  not  keep  so.  It  will  form 
vegetation  first,  at  least  in  the  light,  and  afterwards,  if  the  same 
vegetation  be  kept  in  it,  it  becomes  putrid,  dissolves  to  some  extent 
in  the  water,  and  becomes  very  nauseous,  both  to  the  taste  and 
smell.” — Angus  Smith. 

For  such  reasons  as  these  the  engineers  of  ancient  and  modern 
Europe  have  covered  their  reservoirs  to  prevent  solar  action  as  far 
as  possible,  taking  special  precautions  also  against  large  storage 
capacity,  and  Rensselaer  Lake  only  adds  its  unit  to  the  testimony 
of  similar  results,  on  which  volumes  might  be  written.  A  careful 
examination  of  the  reports  made  at  Boston,  in  the  case  of  their 
difficulties  of  1854,  not  only  demonstrates  the  same  results  from 
the  same  causes,  but  also  a  periodical  recurrence  of  the  evil,  to  an 
equal  or  lesser  extent,  not  only  in  the  auxiliaries  of  Lake  Cochit- 
uate,  but  in  other  and  distant  reservoirs  of  supply.  At  Savannah 
unusual  care  is  necessary  during  the  summer  months,  even  with 
a  small  reservoir  and  a  pumping  supply,  on  account  of  solar  action. 

It  is  more  than  probable,  therefore,  that  portions  of  the  supply 
contained  in  Bleecker  Reservoir  in  July,  1855,  had  not  only  been 
exposed  in  that  structure  to  solar  action  for  a  month,  but  had  pre¬ 
viously  been  exposed  in  the  lake  for  twice  that  period,  and  the 
only  matter  of  surprise  connected  with  its  offensive  character  is, 
that  it  should  not  have  been  developed  sooner.  No  argument  be¬ 
yond  simple  assertion  is  necessary  to  refute  the  statement  that  its 
source  of  impurity  or  fact  of  impurity  was  confined  solely  to  this 
reservoir.  The  development  of  the  noxious  gases  and  taste  was 
the  evidence  simply  of  its  natural  process  of  self-purification,  a 
process  which  is  always  at  work,  in  any  body  of  water  containing 
any  per  centage  of  organic  or  vegetable  matter,  whether  evident 
to  the  senses  or  not;  and  a  process  which  proves  by  its  occurrence 
not  only  the  pre-existent  fact  of  an  impure  supply  from  the  lake, 
which  needed  a  slower  or  more  rapid  regeneration,  but  also  con¬ 
firms  the  statement  heretofore  made  on  reliable  testimony  that  the 
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supply  from  the  lake  itself  was  passing  through  a  similar  process 
on  and  after  July  \lth.  The  necessity  of  this  process  in  that  por¬ 
tion  of  the  lake  near  the  conduit  entrance  had  been  modified, 
however,  from  the  fact  that  the  superintendent,  between  the  7th 
and  11th  had  drawn  a  large  quantity  of  its  contents  into  the  creek 
channel. 

This  process  of  fermentation  in  one  portion  of  a  reservoir  does 
not  by  any  means  demonstrate  the  infection  of  the  entire  body  of 
water  to  the  same  extent,  as  is  also  true  in  an  aqueduct  or  system 
of  pipes.  The  surface  may  be  comparatively  pure  over  a  foul  bed 
of  water,  and  one  section  may  be  more  pure  than  another  under 
inadequate  or  varied  motions ;  nor  is  it  at  all  strange  that  a  portion 
of  the  water  noxious  to-day,  shall  have  purified  itself  by  to-mor¬ 
row  or  next  week,  as  experience  proves.  Fermentation  and  de¬ 
composition  involve  a  resultant  purity  when  the  process  is  com¬ 
plete  ;  this  is  a  natural  and  universal  law. 

In  1852  and  1853  the  fermentation  was  relieved  by  drawing 
down  the  upper  lake ;  in  1854  the  improvements  of  the  condition 
of  the  water  required  an  unusual  degree  of  circulation ;  in  1855 
the  same  remedy  produced  the  same  results,  and  in  the  summer 
of  1856  they  were  anticipated  by  the  same  process.” — Remarks  of 
the  Chairman  of  the  Albany  Water  Committee^  July^  1857. 


B. 

The  Impurity  of  the  Croton. 

The  citizens  of  New  York  have  come  to  the  conclusion,  re¬ 
cently,  that  their  favorite  Croton”  is  not  altogether  immacu¬ 
late.  Practically  they  have  always  preferred  it  with  ice,  while 
theoretically  enthusiastic  on  its  perfections.  But  throughout 
the  city,  in  various  affected  districts,  the  evidences  of  taste,  smell, 
and  sight  have  left  to  them  no  question  of  the  fact  that  their 
costly  supply  is  not  above  suspicion. 

This  state  of  things  has  naturally  produced  much  popular  ex¬ 
citement.  In  private  circles  of  various  localities  the  fact  was 
discussed  for  several  weeks,  and  the  discussion  gradually  assumed 
a  public  character,  until  the  daily  papers  were  filled  with 
rumors,  suggestions,  surmises,  reports,  &c.,  on  this  important 
subject,  in  which  much  unfounded  apprehension  and  much  sci¬ 
entific  nonsense  were  promulgated.  The  fact  that  Brooklyn 
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was  quietly  supplanting  the  Croton”  with  her  Ridgewood,” 
gave  a  new  phase  to  the  excitement,  and  the  papers  became  sud¬ 
denly  mute  from  motives  of  civic  policy,  so  that  one  might  sup¬ 
pose  the  Croton  itself  had  been  regenerated  in  a  day.  Whether 
the  water  is  rapidly  improving  or  not,  our  citizens  have  had  a 
lesson  and  a  warning,  which  involve  some  profitable  suggestions. 

An  attempt  has  been  made  to  deny  the  fact  of  a  sensible  dete¬ 
rioration  of  the  Croton  in  the  public  prints,  and  under  scientific 
authority.  We  are  told  in  a  professional  certificate,  that  nothing 
in  the  odor  and  taste”  of  the  Croton  Lake  was  discovered 

not  common  to  all  brook  water  after  heavy  rains,”  and  that 
while  this  odor  and  taste  ”  resembled  that  found  in  the  water 
in  the  city,  there  is  nothing  in  it  that  could  be  considered 
unwholesome.”  But  the  evidence  of  the  senses  of  thousands  of 
our  citizens  directly  controverts  this  statement,  when  they  find 
it  with  the  taste  of  rotten  wood,”  with  a  musty  taste  and 
flavor,”  with  an  ‘^unpleasant  taste,”  with  a  “very  disagreeable 
flavor,”  with  a  deposit  of  two  gills  of  “  rotten  vegetable  precip¬ 
itate  from  one  gallon  of  water,  of  a  muddy  brown  color,”  and 
by  various  similar  appeals  to  taste,  sight,  and  smell,  palpably 
different  from  the  usual  character  of  the  supply.  We  have  the 
testimony  of  the  medical  profession  also,  as  to  nausea,  vomiting, 
diarrhoea,  and  other  effects  of  these  impurities. 

It  is  useless,  therefore,  to  attempt  any  disguise  of  the  fact  that 
the  Croton  has  been  affected  of  late  so  as  to  cause  special  obser¬ 
vation  and  remark ;  nor  is  the  fact  itself  by  any  means  remark¬ 
able  or  extraordinary,  or  evidence  that  the  general  character  of 
the  supply  is  permanently  injured.  A  large  amount  of  experi¬ 
ence  has  been  accumulated  on  this  subject  by  hydraulic  engineers 
and  scientific  men,  which  ought  to  be  familiar  to  every  water 
work  department  in  the  country,  and  which  seems  to  be  strangely 
ignored  in  the  pre.sent  examinations  and  reports.  A  discussion 
of  the  results  of  this  experience  in  our  own  case  and  that  of 
others,  which  our  limit  of  space  renders  necessarily  brief,  can 
not  fail  to  establish  confidence  in  our  supply,  in  itself,  properly 
managed. 

The  ordinary  forms  of  impurity  presented  in  the  Croton,  such 
as  earthy  matter,  iron  rust,  animalcules,  and  the  like,  are  com¬ 
mon  to  all  stages  of  the  supply,  and  need  no  mention  in  the 
present  case,  which,  if  we  are  correct,  is  directly  attributable  to 
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an  extraordinary  process  of  fermentation^  which  fermentation  is 
mainly  superinduced  by  the  action  of  the  sun  on  the  organic 
matter  with  which  the  water  is  charged  in  Croton  Lake  and  its 
tributaries. — American  Railway  Review^  Sept.  1, 1859. 


C. 

Brooklyn. 

The  water  thus  obtained  (from  underground  drainage)  is 
pure  and  limpid,  and  entirely  free  from  the  discoloration  which 
attends,  more  or  less,  the  water  of  the  open  streams.  The  sub¬ 
ject,  at  some  future  time,  will  merit  a  closer  study. 

The  water  of  some  of  the  streams  is  sometimes  found  to  be 
slightly  brown  in  color.  The  Jamaica  Pond  water,  when  first 
used,  was  at  times  considerably  tinted  in  this  way  ;  it  is  but  little 
affected  in  this  way  now,  though  the  evil  can  never,  in  my  opin¬ 
ion,  be  entirely  obviated  until  certain  deposits  of  muck  above 
the  pond  are  either  partially  or  wholly  removed.  The  muck 
thrown  out  from  Jamaica  Pond  was,  during  the  first  season, 
covered  in  spots  with  a  white  efflorvescense  of  a  bitter  taste,  and 
a  similar  salt  was  found  deposited  on  the  gravel  at  the  water’s 
edge  of  the  upper  end  of  the  pond. 

^‘The  pools  of  standing  water  outside  of  the  pond,  lying  in 

contact  with  the  muck  spoil  banks,  had  the  same  bitter  taste. 

^  ^  ^  ^  ^  ^  ^ 

To  rid  all  the  streams  of  the  impurities  referred  to,  and  the 
tendency  to  discoloration  growing  out  of  the  large  deposit  of 
muck  in  their  channel-ways,  will  be  a  work  of  considerable  time. 

Within  the  limits  of  the  different  reservoirs,  the  muck  has 
been  entirely  removed,  but  above  the  reservoirs  nothing  has 
been  done  as  yet  to  separate  the  channels  of  the  streams  from 
the  vegetable  accumulation  through  which  tl>ey  flow. 

^^At  Jamaica  Pond  the  discoloration  can  be  readily  traced  to 
the  cause  suggested.  When  the  pond  is  drawn  down  twelve  or 
eighteen  inches,  so  that  its  surface  water  does  not  correspond 
with  the  surface  of  the  bog  or  swamps  above,  the  discoloration 
all  but  ceases,  for  the  rapid  flow  of  the  water  through  a  channel 
situated  in  muck  deposit  seems  to  affect  it  but  little,  compared 
with  its  slow  progress  there  when  the  surface  of  the  water  lies 
steeping  ever  the  surface  of  the  bog. 


Jamaica  Pond,  the  removal  of  the  muck  on  Rider’s  Creek 

would  tend  much  to  the  improvement  of  the  water  there.” 

^  ^  ^  ^ 

Jamaica  Pond  water  appears  to  be  more  subject  to  discolor¬ 
ation  than  the  water  of  the  other  ponds,  arising,  probably,  from 
the  fact  that  the  accumulation  of  vegetable  matter  in  the  valley 
of  this  stream  is  much  greater  than  in  the  valleys  of  the  other 
streams  ;  from  which  it  may  be  inferred  that  this  stream  was 
ponded  and  used  long  before  the  other  streams  to  the  east  of  it.” 
— Report  of  James  P,  Kirkwood^  Chief  Engineer^  May  9,  1860. 
“Drainage  of  the  Supply  BasinP 

“  While  the  supply  of  water  is  primarily  derived  from  the 
purest  springs  of  the  diluvial  sands  and  gravel,  the  contamina¬ 
tions  are  almost  wholly  furnished  by  the  vegetable  deposits, 
through  which  the  streams  flow,  before  they  are  discharged  into 
Jamaica  Pond.  Hence,  the  clearing  out  of  these  channels  is 
an  object  of  primary  importance,  should  any  objections  be  found 
to  the  quality  of  the  water  now  furnished  to  the  city. 

Some  of  the  smaller  streams  are  decidedly  sluggish,  and  their 
course  is  through  low  swamps,  of  similar  character  to  the  bed  of 
Jamaica  Pond  before  this  was  cleaned  out. 

‘‘  The  experience  of  another  summer  will  better  determine  the 
expediency  of  prosecuting  this  work,  which,  the  further  up  the 
sources  it  is  extended,  must  unquestionably  increase  both  the 
quantity  and  purity  of  the  water  supplied  to  Brooklyn.” — Re¬ 
port  of  Professor  A.  K,  Eaton^  January  11, 1860.  “Drainage  of 
Supply  Basin P 


Brooklyn  Water-Works. 

Water  Fermentation. — The  Brooklyn  Eagle  of  May  22d,  con- 
tains  the  following  paragraphs  : — 

Complaints  have  recently  been  made  that  the  water  from 
Ridgewood  Reservoir,  with  which  the  city  is  supplied,  was  of  a 
character  so  disagreeable  to  the  taste  that  many  were  compelled 
to  abandon  its  use  for  culinary  puposes ;  and  last  Saturday  and 
Sunday  a  general  raid  was  made  upon  the  old  pumps  for  a  sup¬ 
ply  of  the  necessary  article.  This  was  generally  the  case  on 
some  portions  of  the  Heights.  Water-pails  again  became  plen¬ 
tiful,  and  pump-handles  were  put  into  vigorous  requisition.  The 
water  appeared  to  have  ‘  an  ancient  and  a  fish-like’  taste,  and 
was  not  very  palatable.  The  Water  Board  was  apprised  of  the 
fact  and  an  examination  into  the  cause  was  at  once  instituted 
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with  the  view  of  supplying  a  remedy.  The  pipes  were  ‘blown 
off’ — that  is,  the  hydrants  in  the  infected  district  were  opened 
and  the  water  let  into  the  gutters.  This  had  the  effect  of  drain¬ 
ing  off  the  sediment  which  had  collected,  and  the  consequence 
was,  that  the  water  became  cloudy  and  therefore  rendered  nearly 
unfit  for  use  on  that  account,  although  the  previous  fishy  odor 
had  disappeared.  Subsequently  all  the  hydrants  were  opened 
and  the  flood  came  preparatory  to  an  examination  of  the  basins 
at  Ridgewood.  Yesterday  the  Water  Board,  accompanied  by 
about  thirty-five  gentlemen,  visited  the  source  of  supply.  There 
were  mysterious  whisperings  of  fish  in  the  reservoir,  of  large  size 
and  excellent  quality,  and  several  of  the  party,  fond  of  piscato¬ 
rial  sport,  provided  themselves  with  baskets,  et  cetera^  expecting 
to  bring  home  a  good  supply. 

“The  peculiar  fishy  taste  of  the  water  is  owing  to  a  milky 
weed  which  is  common  in  all  waters  on  and  about  the  Island. 
At  certain  periods  the  substance  of  this  weed  rises  to  the  surface, 
and  it  is  this  surface  water,  thus  impregnated,  that  causes  the 
odor  complained  of  and  not  the  fish,  of  which  we  now  have  evi¬ 
dence  that  they  exist  in  the  Reservoir,  only  to  a  very  limited 
extent.” 

Being  one  of  the  party  which  attended  this  interesting  pisca- 
toral  excursion,  we  can  confirm,  from  personal  observation,  the 
result  also  announced,  that  a  diligent  use  of  the  seine  showed  a 
very  small  number  of  fish  in  the  division  examined,  much  less 
than  we  had  reason  to  suppose  and  much  less  than  is  actually  de¬ 
sirable  in  any  reservoir.  Some  fine  specimens  of  the  brook 
trout  which  abound  in  the  feeding  streams  of  the  water-works  were 
intentionally  put  in,  in  1859,  and  probably  escaped  the  sweep  of 
the  net. 

The  Reservoir  itself  presented  a  singular  and  by  no  means  a 
gratifying  spectacle  to  an  engineer.  Coming  toward  it  from  the 
north,  with  a  southerly  wind,  the  fishy  odor,  which  evidences  a 
special  effect  on  the  supply,  was  palpable.  From  the  appearance 
of  the  successive  layers  of  deposit  on  the  slopes,  the  water  had 
evidently  been  kept  at  low  stages  for  some  time,  and  was  evident¬ 
ly,  from  some  mismanagement  or  other,  heavily  charged  with 
mechanical  impurities.  Both  divisions  were  drawn  down  to  a 
low  level,  about  three  feet  in  one  and  about  five  in  the  other, 
(then  supplying  the  city,)  the  waste-pipe  of  the  western  being 
in  use,  to  blow  off  into  the  drainage  pool  provided  for  that  pur¬ 
pose  in  the  vicinity.  The  engines  had  not  been  in  use  for  a  week. 
In  the  influent  chamber  the  water  showed  a  dark,  muck-colored 
tinge,  and  deposits  of  vegetable  matter  were  accumulated  on  the 
pipes  and  walls. 
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The  Eagle  is  probably  correct  in  stating  that  the  complaints  as 
to  the  state  of  the  water  are  recent,  in  a  general  sense,  but  it  is 
well  known  that  local  complaints  have  been  made,  from  time  to 
time,  and  remedied  locally  by  hydrant  blow-offs,  giving  warning 
of  a  more  universal  action.  Instances  where  the  water  for  drink¬ 
ing,  cooking,  and  bathing  has  been  offensive,  have  come  under 
our  personal  observation  for  some  time  past,  and  have  been  ob¬ 
served  in  previous  years  ;  but  this  is  the  first  time  that  the  matter 
has  assumed  a  public  and  universal  character,  and  these  phenom¬ 
ena  fully  accord  with  those  observed  in  other  water  supplies, 
under  the  action  of  positive  natural  laws. 


D. 

Water  op  Trout  Brook. 

A  part  of  the  valley  of  Trout  Brook,  especially  along  the  bot¬ 
tom  of  the  streams,  is  now  covered  by  a  dense  undergrowth  of 
trees  and  shrubs,  giving  shelter  to  aquatic  and  hog  frequenting 
plants,  whose  roots  and  decaying  leaves  or  stems  color  the  water 
somewhat  with  vegetable  matter,  as  is  the  case  almost  universally 
in  streams  of  soft  water.  The  clearing  away  of  the  causes  of 
this  coloration  will  diminish  or  entirely  remove  these  effects. 

At  the  margin  of  what  may  be  called  the  swampy  bottoms  of 
this  stream,  is  found  in  several  places,  and  for  a  considerable  dis¬ 
tance,  the  out  crop  of  a  soft  shale,  on  the  edges  of  which  numer¬ 
ous  springs  of  clear,  sparkling  water  are  found. 

These  now  lose  themselves,  for  the  most  part,  in  wet^  boggy 
land;  but  wherever,  for  farm  purposes,  an  excavation  has  been 
made  on  this  line,  beautiful  perennial  springs  are  produced.’’ — Re¬ 
port  of  Prof.  Silliman.,  pp.  5  and  6,  March  8,  1862. 

This  (water  from  site  of  dam,)  had  a  decided  taste  of  veget¬ 
able  matter,  similar  to  the  familiar  taste  of  Croton  water  when 
not  iced,  but  not  as  strong.” — Idem.,  p.  10. 

From  these  observations,  I  infer  that  the  water  of  the  main 
stream  in  Trout  Brook  is  at  least  as  free  from  color,  smell  and 
taste,  as  Croton  water.  That  the  water  of  the  north  branch  is 
superior  in  all  respects  to  the  same  standard.  That  Trout  Brook 
has  less  suspended  matter  in  it  than  is  found  in  the  waters  of 
Connecticut  river  at  an  average  stage,  and  that  the  color  and 
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other  physical  properties  noted  are  derived  chiefly  from  the  west¬ 
erly  branch  of  the  main  stream,  since  the  north  branch  is  much 
freer  from  these  peculiarities  than  the  main  stream  itself. — 
The  cause  of  this  difference  is  obvious  on  an  inspection  of  the 
ground  over  which  the  two  streams  flow,  that  on  the  western 
stream  having  more  decomposing  vegetable  matter^  all  of  which 
should  be  removed  before  flowing  the  ground.” — Idem,  p.  11. 

“  The  water  (of  Trout  Brook,)  contains,  in  an  average  state 
of  flood,  only  two  grains  of  organic  matter  in  seventy  thousand 
grains,  or  one  gallon  of  water.  This  minute  quantity  imparts  to 
it  only  a  feeble  color,  and  faint  odor,  which  in  the  north  branch 
of  the  stream  are  comparatively  inappreciable.  The  origin  of 
this  organic  matter  is  largely  in  the  boggy  margins  of  portions  of 
the  stream ;  these  must  be  properly  cleansed  by  grubbing,  and 
with  that  operation  the  qualities  spoken  of  will  probably  disap¬ 
pear  or  become  quite  inappreciable.  But  there  is  another  cause 
of  annoyance  which  has  made  its  appearance  at  New  Britain  and 
Danbury,  where  storage  for  water  has  been  provided,  and  to  which 
it  is  important  to  allude  in  this  connection. 

“  At  New  Britain  an  artificial  lake  has  been  formed  over  a 
mile  in  length,  filling  the  interval  between  two  trap  mountains 
about  a  third  of  a  mile  apart.  A  small  mountain  stream  had  its 
origin  from  the  springs  which  flow  out  at  the  base  of  these  hills, 
a  stream  far  smaller  than  Trout  Brook.  No  stream  flows  into 
this  artificial  lake,  which  is  kept  quite  full  by  the  rain-fall  and 
the  flow  of  the  springs  alluded  to.  The  area  now  covered  by  its 
waters  was  densely  clothed  with  shrubs  and  many  large  trees, 
which  have  been  cleared  away  by  the  axe  only.  The  soil  was 
wet  and  boggy,  and  the  rank  growths  of  numerous  aquatic  plants 
were  left  undisturbed  on  the  swampy  surface,  together  with  the 
stumps  and  roots  of  tlie  trees  cut  away.  The  natural  result  has 
been  that  the  vegetable  juices  flowing  from  such  a  vast  steep  of 
decomposing  organic  substances  has,  in  each  summer  since  the 
lake  was  formed,  produced  an  unpleasant  effect  on  the  water.  In 
such  a  favorable  soil  much  couferroid  growth  has  developed  itself 
with  the  progress  of  the  season,  and  by  the  last  of  June  some  of 
these  plants,  existing  in  great  numbers,  have  reached  their  limit 
and  died,  producing  a  decomposition  and  the  dissemination  of 
many  filaments  of  vegetable  growth  through  the  water.  This 
trouble  had  reached  its  height  by  the  middle  of  July,  and  then 
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rapidly  disappeared.  I  have  examined  carefully  into  the  condi¬ 
tions  and  causes  of  this  phenomenon  at  New  Britain,  with  refer¬ 
ence  to  your  case,  and  am  of  opinion  that  it  is  owing  wholly  to 
the  want  of  proper  preparation  of  the  bottom  and  sides  of  the 
lake.  All  the  organic  matters  alluded  to,  with  the  boggy  soil, 
should  have  been  removed  before  the  ground  was  flooded.  The 
very  moderate  capital  of  that  enterprise  ($50,000,)  forbade  that 
expense. — Idem^p.  20. 

Care  must  be  taken  to  thoroughly  clean  the  bottom  and 
sides  of  the  reservoir ;  and  especially  should  no  vegetation  be 
allowed  at  the  water  line.” — Report  of  McRee  Swift ^  C.  E.^ 
p.  28,  March  8,  1862. 


